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(54) Multi-layer composite electronic component 

(57) A compact multi-layer ^ composite electronic 
component (41 ) is disclosed in \Artiich electric couplings 
occurring between a plurality of high-frequency circutts 
contained are reduced. In this compact multi-layer com- 
posite electronic component (41 ), the axes of the induc- 
tors (L1-L3) of LC resonators forming a first band pass 
filter circuit (BPF 1 ) are disposed perpendicularly to the 
axes of the inductors (L4-L6) of LC resonators forming 
a second band pass filter circuit (BPF 2). The inductors 
(LI -L3) of the LC resonators forming the BPF 1 are con- 
stituted by joining via-holes (60a-h;61a-h;62a-h) dis- 
posed on insulating sheets. The inductors (L4-L6) of the 
LC resonators forming the BPF 2 are constituted of in- 
ductor patterns (63a.b;64a,b;65a,b) fornned on the sur- 
faces of the specified ones of the insulating sheets. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to multi-layer 
composite electronic components such as multi-layer 
duplexers, multi-layer triplexers, multi-layer diplexers, 
and multi-layer filter arrays, which are used in micro- 
wave bands. 

2. Description of the Related Art 

[0002] Conventionally, as one of the above multi-layer 
composite electronic components, a multi-layer com- 
posite electronic component has a structure shown in 
each of Figs. 9 and 10. As shown in Fig. 9, a multi-layer 
composite electronic component 1 is constituted of a ce- 
ramic sheet 6 having Inductor patterns 1 2 to 1 7 disposed 
thereon, a ceramic sheet 7 having capacitor patterns 1 8 
to 23 disposed thereon, a ceramic sheet 5 having cou- 
pling capacitor patterns 24 to 27 disposed thereon, a 
ceramic sheet 3 having shield patterns 28a and 29a dis- 
posed thereon, a ceramic sheet 9 having shield patterns 
28b and 29b disposed thereon, and the like. 
[0003] On the left-half region of the duplexer 1 is 
formed a three-stage band pass filter circuit BPF 1 con- 
stituted of LC resonators Q1 to Q3. On the right-half re- 
gion of the duplexer 1 is formed a three-stage band pass 
filter circuit BPF 2 constituted of LC resonators Q4 to 
Q6. Inductors L1 to L6 of the LC resonators Ql to Q6 
are formed by inductor patterns 12, 13, 14. 15. 16. and 
1 7. Capacitors CI to C6 of the LC resonators Ql to Q6 
are formed by capacitor patterns 18, 19, 20, 21, 22, 23 
and the top-end portions of the inductor patterns 1 2, 1 3, 
14, 15, 16, and 17 opposing the capacitor patterns 18 
to 23. 

[0004] In addition, the LC resonators Ql to Q3 of the 
band pass filter circuit BPF 1 are electrically coupled by 
coupling capacitors Csl and Cs2 formed by the inductor 
patterns 1 2 to 1 4 and coupling capacitor patterns 24 and 
25 opposing the inductor patterns 12 to 14. Shield pat- 
terns 28a and 28b are disposed while placing the pat- 
terns 1 2 to 1 4, 1 8 to 20, 24. and 25 therebetween. Sim- 
ilarly, the LC resonators Q4 to Q6 of the band pass filter 
circuit BPF 2 are electrically coupled by coupling capac- 
itors Cs3 and Cs4 formed by the inductor patterns 15 to 
1 7 and coupling capacitor patterns 26 and 27 opposing 
the inductor patterns 15 to 17. Furthermore, shield pat- 
terns 29a and 29b are disposed while placing the pat- 
terns 1 6 to 1 7, 21 to 23, 26, and 27 therebetween. 
[0005] As shown in Fig. 10, a multi-layer body 36 
formed by laminating ceramic sheets 2 to 9 includes a 
transmission terminal electrode Tx, a reception terminal 
electrode Rx, an antenna terminal electrode ANT, and 
ground terminal electrodes G1 to G4. The transmission 
terminal electrode Tx is connected to the inductor pat- 



tern 12 of the LC resonator QV the reception terminal 
electrode Rx is connected to the inductor pattern 17 of 
the LC resonator OS, and the antenna terminal elec- 
trode ANT is connected to the inductor patterns 14 and 
5 15 of the LC resonators Q3 and Q4, respectively. The 
ground terminal electrodes G1 and G2 are connected 
to one end of each of the Inductor patterns 12 to 14 and 
one end of each of the capacitor patterns 1 8 to 20 of the 
LC resonators Ql to Q3. The ground electrodes G3 and 
10 G4 are connected to one end of each of the inductor 
patterns 1 5 to 1 7 and one end of the capacitor patterns 
21 to 23 of the LC resonators Q4 to Q6. 
[0006] Meanwhile, in the conventional duplexer 1 , the 
inductor patterns 1 2 to 1 4 constituting the band pass fil- 
15 ter circuit BPF 1 and the inductor patterns 15 to 1 7 con- 
stituting the band pass filter circuit BPF 2 are arranged 
parallel to each other on the same plane of ceramic 
sheet 6. With this arrangement, magnetic field compo- 
nents generated on the inductor patterns 12 to 14 and 
20 magnetic field components generated on the inductor 
patterns 15 to 17 are also parallel to each other. As a 
result, the band pass filter circuits BPFs 1 and 2 tend to 
be electrically coupled with each other, thereby leading 
to changes in the fitter characteristics of the band pass 
^5 filter circuits BPFs 1 and 2. 

[0007] In order to prevent the above problem, it is nec- 
essary to increase the space between the band pass 
filter circuits BPFs 1 and 2, or It is necessary to dispose 
a shield pattern between the band pass fitter circuits 
30 BPFs 1 and 2. However, such measures are not useful 
enough to suppress the electric coupling between the 
band pass filter circuits BPFs 1 and 2. and another prob- 
lem such as an increase in the size of the duplexer 1 is 
caused due to the extra space or shield pattern 

3S 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the present inven- 
tion to provide a compact multi-layer composite elec- 
"^0 tronic component in which electric couplings between a 
plurality of high-frequency circuits contained therein can 
be reduced. 

[0009] To this end. according to one aspect of the 
present invention, there Is provided a multi-layer com- 

4S posite electronic component including (1) a multi-layer 
body defined by laminating a plurality of insulating lay- 
ers, a plurality of inductor conductors, and a plurality of 
capacitor conductors, (2) a first high-frequency circuit 
having a plurality of LC resonators comprising a plurality 

50 of inductors defined by the inductor conductors and a 
plurality of capacitors defined by the capacitor conduc- 
tors, and (3) a second high-frequency circuit having a 
plurality of LC resonators comprising a plurality of induc- 
tors defined by the inductor conductors and a plurality 
of capacitors defined by the capacitor conductors. In this 
multi-layer composite electronic component, at least 
one of the inductors of the first high-frequency circuit is 
disposed perpendicularly to at least one of the inductors 
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of the second high-frequency circuit. 
[0010] Since at least one of the inductors of the first 
high-frequency circuit is disposed perpendicularly to at 
least one of the inductors of the second high-frequency 
circuit, the magnetic-field components generated 
around each of the inductors are also perpendicular to 
each other. As a result, the electric couplings between 
the inductors can be suppressed. 
[0011] Further features and advantages of the 
present invention will become clear, from the following 
description of certain embodiments thereof, given by 
way of example, and illustrated by the accompanying 
drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 Is an exploded perspective view of a multi- 
layer composite electronic component according to 
a first embodiment of the present invention; 
Fig. 2 is a perspective view showing the appear- 
ance of the multi-layer composite electronic com- 
ponent shown in Fig. 1 ; 

Fig. 3 is an electrically equivalent circuit diagram of 
the multi-layer composite electronic component 
shown in Fig. 2; 

Fig. 4 is an exploded perspective view of a multi- 
layer composite electronic component according to 
a second embodiment of the present invention; 
Fig. 5 is a perspective view showing the appear- 
ance of the mufti-layer composite electronic com- 
ponent shown in Fig. 4; 

Fig. 6 is an electrically equivalent circuit diagram of 
the multi-layer composite electronic component . 
shown in Fig. 5; 

Fig. 7 is an exploded perspective view of a multi- 
- layer composite electronic component according to 
a third embodiment of the present Invention; 
Fig. 8 is a perspective view showing the appear- 
ance of the multi-layer composite electronic com- 
ponent shown in Fig. 7; 

Fig. 9 is an exploded perspective view of a conven- 
. tional multi-layer composite electronic component; 
'and 

" Fig. 10 is a perspective view showing the appear- 
ance of the conventional multi-layer composite 
electronic component shown in Fig. 9. 

DESCRIPTION OF THE PREFERRED - 
EMBODIMENTS 

[0013] Referring to the attached drawings, a descrip- 
tion will be given of certain embodinrtents of a multi-layer 
composite electronic component according to the 
present invention. 



[First Embodiment: Figs. 1 to 3] 

[0014] Fig. 1 shows the structure of a multi-layer du- 
plexer 41; Fig. 2 shows a perspective view of the ap- 
s pearance of the duplexer 41 ; Fig. 3 shows an electrically 
equivalent circuit diagram thereof. As shown in Fig. 1, 
the duplexer 41 is formed by the combination of a three- 
stage band pass filter BPF 1 having LC parallel resona- 
tors Q1 to Q3 and a three-stage band pass filter EPF 2 

10 having LC parallel resonators Q4 to Q6. 

[0015] As shown in Fig. 1 , the multi-layer duplexer 41 
is coristituted of a dummy insulating sheet 44 having via- 
holes 60b to 62b provided thereon, a dummy insulating 
sheet 50 having via-holes 60h to 62h provided thereon, 

IS an insulating sheet 45 having via-holes 60c to 62c and 
capacitor patterns 74a to 76a provided thereon, an in- 
sulating sheet 49 having via-holes 60g to 62g and ca- 
pacitor patterns 74b to 76b provided thereon, an insu- 
lating sheet 46 having via-holes 60d to 62d and inductor 

20 patterns 63a to 65a provided thereon, an insulating 
sheet 48 having via-holes 60f to 62f and inductor pat- 
terns 63b to 65b provided thereon, an Insulating sheet 
47 having via-holes 60e to 62e and coupling capacitor 
patterns 83 and 84 provided thereon, an insulating sheet 

25 51 having capacitor patterns 71a to 73a provided ther- 
eon, an insulating sheet 53 having capacitor patterns 
71 bio 73b provided thereon, an insulating sheet 52 hav- 
ing coupling capacitors 81 and 82 provided thereon, an 
insulating sheet 43 having shield patterns 94a and 95a 

30 provided thereon, and an insulating sheet 54 having 
shield patterns 94b and 95b provided thereon. 
' [0016] The insulating sheets 42 to 54 are sheets 
made from the mixture of a dielectric powder, a magnetic 
powder, a binding agent and other suitable materials. 

3S The inductor patterns 63a to 65a, 63b Jo 65b capacitor 
patterns 71a to 76a, 71b to 76b, and the like, which are 
made of, for example, Ag, Pd, Cu, Au, or Ag-Pd, are 
formed by printing or the-like.- In addition/ the via-holes 
60a to 60h, 61 a to 61 h, 62a to 62h are formed by filling 

40 the conductive paste of a material such as Ag, Pd, Cu, 
Au, or Ag-Pd in holes provided beforehand in the irisu- 
" lating sheets 43 to 50. 

[0017] The via-holes 60a to 60h extending through 
each of the insulating sheetb, which are located In the 

45 substantially left-half region of the insulating sheets 43 
to 50, are joined and connected in the thickness direc- 
tions of the sheets 43 to 50 so as to define an inductor 
LI . One end of the inductor LI . which is the upper top- 
end face of the via-hole 60a, is directly connected to the 

so shield pattern 94a. The other end thereof, which is the* 
lower top-end face of the via-hole 60h, is directly con- 
nected to the capacitor pattern 71a. Similarly, the via- 
holes 61a to 61 h, 62a to 62h are joined and connected 
In the thickness directions of the insulating sheets 43 to 

55 50 so as to define inductors L2 and L3, respectively. One 
end of each of the inductors L2 and L3 is directly con- 
nected to the shield pattern 94a, and the other end 
thereof Is directly connected to the capacitor patterns 
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72a and 73a, respectively. 

[0018] The axes of the inductors LI to L3 are parallel 
to a stacking direction of the Insulating sheets 43 to 50. 
As a result, when currents flow through the inductors LI 
to L3. magnetic fields perpendicular to the axial direction 
(slacking direction) of each of the inductors LI to L3 are 
generated around each of the inductors. 
[001 9] The capacitor patterns 71 a to 73a and 71 b to 
73b are provided substantially in the left-half region of 
the insulating sheets 51 and 53. The capacitor pattern 
71b is extended to be connected to a lead pattern 87, 
which is exposed to the left side of the sheet 53. The 
lead pattern 87 serves as a coupling inductor L7, since 
the lead pattern 87 has its own inductance. The capac- 
itor pattern 73b is connected to a capacitor pattern 92b 
via an inductor pattern 91. The inductor pattern 91 
serves as an impedance-matching inductor L8, since 
the inductor pattern 91 has its own inductance. The ca- 
pacitor patterns 71a and 71 b defines a capacitor CI, 
and the capacitor CI and the inductor LI constitute the 
LC parallel resonator Q1 . The capacitor patterns 72a 
and 72b defines a capacitor C2, and the capacitor C2 
and the inductor L2 constitute the LC parallel resonator 
Q2. The capacitors 73a and 73b defines a capacitor C3, . 
and the capacitor C3 and the inductor L3 constitute the 
LC parallel resonator Q3. 

[0020] The coupling capacitor patterns 81 and 82 are 
located between the capacitor patterns 71a to 73a and 
the 71 b to 73b in the stacking directbn of the sheets 42 
to 54. The coupling capacitor patterns 81 and 82 are 
opposed to the capacitor patterns 71a to 73a and 71b 
to 73b while Interposing the sheets 51 and 52 therebe- 
tween, respectively to define a coupling capacitor Csl 
coupling the resonators Q1 and Q2, a coupling capacitor 
Cs2 coupling the resonators Q2 and Q3, and a coupling 
capacitor Cs3 coupling the resonators Q1 and Q3. 
[0021] A capacitor pattern 92a is provided in the cent- 
er of the back of the insulating sheet 52. The capacitor 
pattem 92a is opposed to a capacitor pattern 92b via 
the sheet 52 disposed therebetween to define an imped- 
ance-matching capacitor C7, In addition, the wide area 
shield pattems 94a and 94b are disposed so as to inter- 
pose the via-holes 60a to 60h, 61a to 61 h, 62a to 62h 
for the inductors LI. L2 and L3. the capacitor patterns 
- 71a to 73a, 71b to 73b, and the like therebetween. 
[0022] The inductor pattems 63a to 65a and 63b to 
65b are provided substantially in the right-half region of 
the insulating sheets 46 and 48. The inductor patterns 
63a and 63b having substantially the same configura- 
tion are laminated via the sheets 46 and 47 to define a 
dual-structure Inductor L4. Similarly, the inductor pat- 
terns 64a and 64b define a dual-structure Inductor L5, 
and the inductor pattems 65a and 65b define a dual- 
structure inductor L6. Since the inductors L4 to L6 have 
the dual structures, respectively, by adjusting the space 
between the Inductor pattems 63a and 63b, the space 
, between the inductor patterns 64a and 64b. and the 
space between the inductor patterns 65a and 65b. re- 



spectively, the distribution of a magnetic field H gener- 
ated around each of the inductors L4 to L6 can be opti- 
mized. As a result, concentrations of the magnetic fields 
H on the edges of the inductor pattems 63a to 65b can 
5 be alleviated. One of each of the Inductor patterns 63a 
to 65b is exposed at the back side of each of the sheets 
46 and 48 in the substantially right-half region thereof. 
[0023] The axes of the inductors L4 to L6 are disposed 
parallel to the surfaces of the insulating sheets 46 and 
10 48. When currents flow through the inductors L4 to L6, 
respectively, magnetic fields perpendicular to the axial 
directions of the inductors L4 to L6 is generated around 
each of the inductors L4 to L6. 

[0024] The inductor pattern 63a is extended to be con- 
is nected to a lead pattern 90a and the inductor pattern 
63b is extended to be connected to a lead pattem 90b. 
The lead pattems 90a and 90b are exposed in the cent- 
ers of the back edges of the sheets 46 and 48. respec- 
tively The lead patterns 90a and 90b serve as a cou- 
20 piing inductor L9. since the lead patterns 90a and 90b 
have their own inductance. The inductor pattern 65a is 
connected to a lead pattern 88a and the inductor pattem 
65b is connected to a lead pattem 88b. The lead pat- 
terns 88a and 88b are exposed on the right edges of the 
2S sheets 46 and 48. The lead patterns 88a and 88b sen^e 
as a coupling inductor L10, since the lead patterns 88a 
and 88b have their own inductance. 
[0025] The capacitor patterns 74a to 76a and 74b to 
76b are provided substantially in the right-half region of 
30 the insulating sheets 45 and 49. One end of each of the 
capacitor pattems 74a to 76a and 74b to 76b Is exposed 
on the front edges of the sheets 45 and 49. The capac- 
itor patterns 74a and 74b are opposed to the top-end 
portions of the inductor pattems 63a and 63b to inter- 
35 pose the sheets 45 and 48 therebetween to define a ca- 
pacitor C4. The capacitor C4 and the dual-structure in- 
ductor L4 constitute the LC parallel resonator Q4. The 
capacitor pattems 75a and 75b areopposed to the top- 
end portions of the inductor pattems 64a and 64b to de- 
^0 fine a capacitor 05. The capacitor C5 and the dual-struc- 
ture inductor L5 constitute the LC parallel resonator Q5. 
The capacitor pattems 76a and 76b are opposed to the 
top-end portions of the inductor patterns 65a and 65b to 
define a capacitor C6. The capacitor 6 and the dual- 
45 structure inductor L6 constitute the LC parallel resonator 
Q6. 

[0026] The coupling capacitor patterns 83 and 84 are 
disposed close to the front side of the sheet 47, and are 
located between the inductor patterns 63a to 65a and 
50 63b to 65b in the stacking direction of the sheets 42 to 
54. The coupling capacitor patterns 83 and 84 are op- 
posed to the top-end portions of the inductor pattems 
63a to 65a and 63b to 65b, respectively, via the sheets 
46 and 47 disposed therebetween to define a coupling 
55 capacitor Cs4 coupling the resonators Q4 and Q5. a 
coupling capacitor Cs5 coupling the resonators Q5 and 
Q6. and a coupling capacitor Cs6 coupling the resona- 
tors Q4 and Q6. In addition, the wide area shield pat- 
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terns 95a and 96b are arranged via the patterns 63a to 
65b and 74a to 76b disposed therebetween. 
[0027] The sheets 42 to 54 having the above arrange- 
ments, as shown in Fig. 1 . are sequentiailly laminated to 
be integrally burned to constitute a niulti-layer body 100 
shown in Fig. 2. A transmission terminal electrode Tx 
and a reception terminal electrode Rx are provided on. 
the right and left end faces of the multi-layer body 100. 
An antenna terminal electrode ANT and ground terminal 
electrodes G1 and G3 are provided on the back side- 
surface of the multi-layer body 1 00, and ground terminal 
electrodes G2 and G4 are provided on the front side- 
surface thereof. 

[0028] The transmission terminal electrode Tx is con- 
nected to the lead pattern 87 of the capacitor pattern 
71b, and the reception terminal electrode Rx is connect- 
ed to the lead patterns 88a and 88b of the inductor pat- 
terns 65a and 65b. The antenna terminal electrode ANT 
is connected to the lead patterns 90a and 90b of the 
inductor patterns 63a and 63b, and the capacitor pattern 
92a. The ground terminal electrodes G1 and G2 are 
connected to the shield patterns 94a and 94b. The 
ground terminal electrode G3 is connected to one ends 
of the shield patterns 95a and 95b and ends of the in- 
ductor patterns 63a to 65a and 63b to 65b. The ground 
terminal electrode G4 is connected to the other ends of 
the shield pattems 95a and 95b and ends of the capac- 
itor patterns 74a to 76a and 74b to 76b. 
[0029] Fig. 3 is an electrically equivalent circuit dia- 
gram of the multi-layer duplexer 41 obtained by the 
above arrangements. The resonators Q1 to Q3 are elec- 
trically connected via the coupling capacitors Cs1 toCs3 
to define the three-stage band pass filter BPF 1 . The 
resonators Q4 to Q6 are electrically connected via the- 
coupling capacitors Cs4 to Cs6 to define the three-stage 
band pass filter BPF 2. In addition, one end (the reso- 
nator Q1) of the band pass filter BPF 1 is connected to 
the transmission terminal electrode Tx via the coupling 
inductor 17, and the other end (the resonator Q3) there- 
of is connected to the antenna terminal electrode ANT 
via the impedance-matching capacitor G7 and the im- 
pedance-matching inductor L8. One end (the resonator 
Q6) of the band pass filter BPF 2 is connected to the 
reception terminal electrode Rx via the coupling inductor 
L10, and the other end thereof (the resonator Q4) is con- 
nected to the antenna terminal electrode ANT via the 
coupling inductor L9. 

[0030] Next, a description will be given of the opera- 
tional advantages of the multi-layer duplexer 41 de- 
scribed above. In the duplexer 41, signals inputted to 
the transmission terminal electrode Tx from a transmis- 
sion circuit system (not shown) are outputted to the an- 
tenna terminal electrode ANT via the band pass filter 
circuit BPF 1 . and signals inputted to the antenna termi- 
nal electrode ANT are transmitted to the reception ter- 
minal electrode Rx via the band pass filter circuit BPF 2 
and outputted to a reception circuit system (not shown).. 
[0031] The pass frequency of the band pass filter cir- 



cuit BPF 1 is determined by the resonant frequency of 
each of the resonator Q1 including the inductor L1 and 
the capacitor 01, the resonator Q2 including the induc- 
tor L2 and the capacitor 02, and the resonator Q3 in- 
5 eluding the inductor L3 and the capacitor 03. Further- 
more, in order to adjust the pass frequency of the band 
pass filter circuit BPF 1 , for example, the capacitance of 
each of the capacitors 01 to 03 is altered by changing 
the areas of the capacitor pattems 71a to 73a and 71b 

fO to 73b of the capacitors 0 1 to 03. 

[0032] Meanwhile, the pass, frequency of the band 
■ pass filter circuit BPF 2 is determined by the resonance 
frequency of each of the resonator Q4 including the in- 
ductor L4 and the capacitor 04, the resonator Q5 includ- 

is ing the inductor L5 and the capacitor 05, and the reso- 
nator Q6 including the inductor L6 and the capacitor 06. 
In addition, the pass frequency of the band pass filter 
BPF 2 is adjusted, for example, by changing the oppos- 
ing areas of the capacitor pattems 74a to 76a and 74b 

20 to 76b of the capacitors 04 to 06. 

[0033] In this multi-layer duplexer 41 , as shown in Fig. 
-1 , the axial directions of the inductors LI to L3 of the 
band pass filter circuit BPF 1 are disposed perpendicu- 
larly to the axial directions of the inductors L4 to L6 of 

25 the band pass f jiter circuit BPF 2. Thus, a magnetic field 
generated when currents flow through each of the in- 
ductors LI to L3 is perpendicular to a magnetic field gen- 
erated when currents flow through each of the Inductors 
L4 to L6, with the result that electric couplings between 

30 the inductors LI to L3 and the inductors L4 to L6 can be 
minimized. Therefore, the multi-layer duplexer 41 of the 
present invention has less deterioration in its attenua- 
tion characteristics and less impedance deviation. 
[0034] It is not necessary that the inductor LB for im- 

35 pedance rriatching electrically connected between the 
band pass filter circuits BPFs 1 and 2, or the inductors 
L7, L9, and LlOJor coupling the band pass filter circuits 
BPFs 1 and 2 with the electrodes Tx, Rx,- and the an- 
tenna ANT are disposed perpendicularly to each other - 

40 

[Second Embodiment: Figs. 4 to 6] 

[0035] Fig. 4 shows the structure of a multi-layer du- 
plexer 41 A; Fig. 5 shows a |:ierspective view of the ap- 

45 pearance of the multi-layer duplexer 41 A; Fig. 6 shows 
an electrically equivalent circuit diagram thereof. As 
shown In Fig. 4, the multi-layer duplexer 41 A is formed 
by the combination of a three-stage band pass filter BPF 
1 having LO parallel resonators Q1 to Q3 and a three- 

^0 stage band pass filter BPF 2 having LC parallel resona- 
tors Q4 to Q6. 

[0036] In Fig. 4, the multi-layer duplexer 41 A is con- 
stituted of a dummy insulating sheet 44 having vla-holes 
60b to 62b provided thereon, a dummy insulatlrig sheet 
55 50 having via-holes 60h to 62h provided thereon, an in- 
sulating sheet 45 having via-holes 60c to 62c and ca- 
pacitor pattems 74a to 76a, an insulating sheet 49 hav- 
ing via-holes 60g to 62g and capacitor pattems 74b and 
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76b, an Insulating sheet 46 having via-holes 60d to 62d 
and inductor patterns 63a to 65a provided thereon, an 
Insulating sheet 48 having via-holes SOf to 62f and in- 
ductor patterns 63b to 65b provided thereon, an insulat- 
ing sheet 47 having via-holes 60e to 62e and coupling 
capacitor patterns 83 and 84 provided thereon, an insu- 
lating sheet 51 having capacitor patterns 71 a to 73a and 
via-holes 60i to 62i provided thereon, an insulating sheet 
53 having capacitor patterns 71b to 73b provided ther- 
eon, an insulating sheet 52 having coupling capacitor 
patterns 81 and 82 and via-holes 60j to 62j. an insulating 
sheet 43 having shield patterns 94a and 95a provided 
thereon, an insulating sheet 54 having 94b and 95b pro- 
vided thereon, and the like. 

[0037] The insulating sheets 42 to 54 are sheets 
made of the mixture of a dielectric powder, a magnetic 
powder, a binding agent, and the like. The inductor pat- 
terns 63a to 65a and 63b to 65b, the capacitor patterns 
7la to 76a. 71b to 76b. and the like, which are made of 
a material such as Ag, Pd. Cu, Au. Ag-Pd, are formed 
by printing or the like. In addition, the via-holes 60a to 
60j, 61a to 61 j, and 62a to 62j are formed by filling a 
conductive paste of Ag, Pd, Cu, Au. Ag-Pd, or the like, 
in holes provided in advance In the Insulating sheets 43 
to 50. 

[0038] The via-holes 60a to 60j. which are disposed 
substantially in the left-half regions of the insulating 
sheets 43 to 52, are arranged in the thickness directions 
of the sheets 43 to 52 to be joined to define an inductor 
LI . One end of the inductor LI . which is the upper top- 
end face of the via-hole 60a. is directly connected to the 
shield pattern 94a. and the other end thereof, which is 
the lower top-end face of each of the via-holes 60h and 
60j, is directly connected to the capacitor patterns 71a 
and 71b. respectively Similarly, the via-holes 61a to 61 j 
and 62a to 62j are arranged in the thickness directions 
of the insulating sheets 43 to 52 to be joined to define 
inductors L2 and La One end of each of the inductors 
L2 and L3 is directly connected to the shield pattern 94a, 
and the other end thereof is directly connected to the 
capacitor patterns 72a. 72b, 73a, and 73b, respectively 
[0039] The axes of the inductors LI to L3 are parallel 
to a direction in which the insulating sheets 43 to 50 are 
laminated. As a result, when currents flow through each 
of the inductors LI to L3, a magnetic field perpendicular 
to the axial direction of each of the inductors Li to L3 is 
generated around each thereof. 

[0040] The capacitor patterns 71a to 73a and 71b to 
73b are provided substantially in the left-half regkDns of 
the insulating sheets 51 and 53. The capacitor pattern 
71 b is connected to a lead pattern 87, which is exposed 
to the left side of the sheet 53. The capacitor pattern 73b 
is exposed in the center of the back of the sheet 53 via 
the inductor pattern 91. The inductor pattern 91 serves 
as an impedance-matching inductor L8 due to the in- 
ductance of the inductor pattern 91 . The capacitor pat- 
tern 71b and the shield pattern 94b define a capacitor 
CI, and the capacitor CI and the inductor LI constitute 



the LC parallel resonator Q1 . The capacitor pattern 72b 
and the shield pattern 94b define a capacitor C2. and 
the capacitor C2 and the inductor L2 constitute the LC 
parallel resonator Q2. The capacitor 73b and the shield 
5 pattern 94b define a capacitor C3, and the capacitor C3 
and the inductor L3 constitute the LC parallel resonator 
Q3. 

[0041] The coupling capacitor patterns 81 and 82 are 
located between the capacitor patterns 71a to 73a and 
fo the 71 b to 73b in the direction in which the sheets 42 to 
54 are laminated. The coupling capacitor patterns 81 
and 82 are opposed to the capacitor patterns 71a to 73a 
and 71b to 73b, respectively while havingthe sheets 51 
and 52 therebetween to define a coupling capacitor Csl 
^5 coupling the resonators 01 and Q2, and a coupling ca- 
pacitor Cs2 coupling the resonators Q2 and Q3. 
[0042] The wide shield panerns 94a and 94b are dis- 
posed such that the via-holes 60a to 60], 61 a to 61 j. and 
62a to 62j. the patterns 71 a to 73a and 71 b to 73b. and 
the like, are arranged therebetween. 
[0043] The inductor patterns 63a to 65a and 63b to 
65b are provided substantially in the right-half regions 
of the insulating sheets 46 and 48. The inductor patterns 
63a and 63b having substantially the same configura- 
^5 tion are laminated via the sheets 46 and 47 to define a 
dual-structure inductor L4. Similarly, the inductor pat- 
terns 64a and 64b define a dual-structure inductor L5, 
and the inductor patterns 65a and 65b define a dual- 
structure inductor L6. Since the inductors L4to L6 have 
30 the dual structures, respectively by adjusting the space 
between the inductor patterns 63a and 63b, the space 
between the inductor patterns 64a and 64b. and the 
space between the inductor patterns 65a and 65b. re- 
spectively, the distribution of a magnetic field H gener- 
is ated around each of the inductors L4 to L6 can be opti- 
mized. As a result, concentrations of the magnetic fields 
H on the edges of. the inductor patterns 63a to 65b can 
be alleviated. One end of each of the inductor patterns 
63a to 65b Is exposed substantially in the right-half re- 
gion of the back of each of the sheets 46 and 48. 
[0044] The axes of the inductors L4 to L6 are disposed 
parallel to the surfaces of the insulating sheets 46 and 
48. When currents flow through each of the inductors 
L4 to L6. magnetic fields perpendicular to the axial di- 
rections of the inductors L4 to L6 are generated around 
the inductors L4 to L6. 

[0045] The Inductor pattern 63a Is connected to a lead 
pattern 90a, and the inductor pattem 63b is connected 
to a lead pattem 90b. The lead patterns 90a and 90b 
so are exposed in the centers of the back edges of the 
sheets 46 and 48, respectively. The lead patterns 90a 
and 90b serve as a coupling inductor L9 due to the in- 
ductances of both the lead pattems 90a and 90b. The 
inductor pattern 65a is connected to a lead pattern 88a. 
ss and the inductor pattem 65b is connected to a lead pat- 
tern 88b. The lead pattern 88a is exposed on the right 
edge of the sheet 46, and the lead pattern 88b Is ex- 
posed on the right edge of the sheet 48. 



BNSOOCID: <EP 1078520A2_L> 



6 



11 

[0046] The capacitor patterns 74a to 76a and 74b to 
76b are provided substantially in the right-half regions 
of the insulating sheets 45 and 49. One end of each of 
the capacitor patterns 74a to 76a and 74b to 76b is ex- 
posed on the front edges of the sheets 45 and 49. The 
capacitor patterns 74a and 74b are opposed to the top- 
end portions of the inductor patterns 63a and 63b while 
' having the sheets 45 and 48 located therebetween to 
define a capacitor C4. The capacitor C4 and the dual- 
structure inductor L4 constitute the LC parallel resonator 
Q4. The capacitor patterns 75a and 75b are opposed to 
the top-end portions of the inductor patterns 64a and 
64b to define a capacitor C5. The capacitor C5 and the 
dual-structure inductor L5 constitute the LC parallel res- 
onator Q5. The capacitor patterns 76a and 76b are op- 
posed to the top-end portions of the inductor patterns 
65a and 65b to define a capacitor C6. The capacitor 6 
and the dual-structure Inductor L6 constitute the LC par- 
allel resonator Q6. 

[0047] The coupling capacitor patterns 83 and 84 are 
disposed close to the front side of the sheet 47, and are 
located between the inductor patterns 63a to 65a and 
63b to 65b in the direction in which the sheets 42 to 54 
are laminated. The coupling capacitor patterns 83 and 
84 are opposed to the top-end portions of the inductor 
patterns 63a to 65a and 63b to 65b, respectively, via the 
sheets 46 and 47 located therebetween to define a cou- 
pling capacitor Cs4 coupling the resonators Q4 and Q5 
and a coupling capacitor Cs5 coupling the resonators 
Q5 and Q6. In addition, the wide shield patterns 95a and 
95b are disposed such that the patterns 63a to 65b and 
74a to 76b are located therebetween. 
[0048] The sheets 42 to 54 having the above arrange- 
ments, as shown in Fig. 4, are sequentially laminated to 
be integrally fired so as to constitute a nnutti-layer body 
100 shown in Fig. 5. A transmission terminal electrode 
Tx and a reception terminal electrode Rx are provided 
on-the right and -left end faces of the multi-layer body 
1 00. An antenna terminal electrode ANT and ground ter- 
minal electrodes G1 and G3 are provided on the back 
side-surface of the multi-layer body 100. and ground ter- 
minal electrodes G2 and G4 are provided on the front 
side-surface thereof. 

[0049] The transmission terminal electrode Tx is con- 
nected to the lead pattern 87 of the capacitor pattern 
71b, and the reception terminal electrode Rx is connect- 
ed to the lead patterns 88a and 88b of the inductor pat- 
terns 65a and 65b. The antenna terminal electrode ANT 
is connected to the lead patterns 90a and 90b of the 
inductor patterns 63a and 63b, and the inductor pattern 
91 . The ground terminal electrodes G1 and G2 are con- 
nected to the shield patterns 94a and 94b. The ground 
terminal electrode G3 is connected to ends of the shield, 
patterns 95a and 95b and the inductor patterns 63a to 
65a and 63b to 65b. The ground terminal electrode G4 
is connected to ends of the shield pattems 95a and 95b 
and the capacitor pattems 74a to 76a and 74b to 76b. 
[0050] Fig. 6 Is an electrically equivalent circuit dia- 
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gram of the multi-layer duplexer 41 A formed by the 
above arrangements. The resonators Q1 to Q3 are elec- 
trically connected via the coupling capacitors Csl and 
Cs2 to define the three-stage band pass filter BPF 1 . 
5 The resonators Q4 to Q6 are electrically connected via 
the coupling capacitors Cs4 and Cs5 to define the three- 
stage band pass filter BPF 2. In addition, one end (the 
resonator Q1 ) of the band pass filter BPF 1 is connected 
to the transmission terminal electrode Tx, and the other 
10 end (the resonator Q3) thereof is connected to the an- 
tenna terminal electrode ANT via the impedance-match- 
ing inductor LB. One end (the resonator Q6) of the band 
pass filter BPF 2 is connected to the reception terminal 
electrode Rx, and the other end thereof (the resonator 
is Q4) is connected to the antenna terminal electrode ANT 
via the coupling inductor L9. 

[0051] Next, a description will be given of the opera- 
tional advantages of the multi-layer duplexer 41 A de- 
scribed above. In the duplexer 41 A, signals inputted to 
the transmission terminal electrode Tx from a transmis- 
sion circuit system (not shown) are outputted to the an- 
tenna terminal electrode ANT via the band pass filter 
circuit BPF 1. Signals inputted to the antenna terminal 
electrode ANT are transmitted to the reception terminal 
electrode Rx via the band pass filter circuit BPF 2 and 
outputted to a reception circuit system (not shown). 
[0052] The pass frequency of the band pass filter cir- 
cuit BPF 1 Is determined by the resonant frequency of 
each of the resonator Q1 constituted of the inductor LI 
and the capacitor CI, the resonator Q2 constituted of 
the inductor L2 and the capacitor C2, and the resonator 
Q3 constituted of the Inductor L3 and the capacitor C3. 
Furthemnore. in order to adjust the pass frequency of 
the band pass filter circuit BPF 1, for example, the ca- 
pacitance of each of the capacitors CI to C3 is altered 
by changing the areas of the capacitor pattems 71a to 
73a and 71 b to 73b of the capacitors CI to C3. 
[0053]' Meanwhile, the pass frequency -of the band 
pass filter circuit3PF2 is determined by the resonance 
frequency of each of the resonator Q4 constituted of the 
inductor L4 and the capacitor C4, the resonator Q5 con- 
stituted of the inductor L5 and the capacitor C5, and the 
resonator Q6 constituted of the inductor L6 and the ca- 
pacitor OS. In addition, the pass frequency of the band 
pass filter BPF 2 is adjusted, for example, by changing 
the opposing areas of the capacitor patterns 74a to 76a 
and 74b to 76b of the capacitors C4 to C6. 
[0054] In the multi-layer duplexer 41 A, as shown In 
Fig. 4, the axial directions of the inductors LI to L3 of 
the band pass filter circuit BPF 1 are disposed perpen- 
dicularly to the axial directions of the inductors L4 to L6 
of the band pass filter circuit BPF 2. As a result, a mag- 
netic field generated when currents flow through each 
of the inductors LI to L3 is perpendicular to a magnetic 
field generated when currents flow through each of the 
inductors L4 to L6. Thus electric couplings between the 
inductors LI to L3 and the Inductors L4 to L6 can be 
minimized. Therefore, in the multi-layer duplexer 41 A of 
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the present invention, attenuation-characteristic deteri- 
oration and impedance mismatching can be reduced. 
[0055] It is not necessary that the inductors L8 and L9 
for impedance matching which are electrically connect- 
ed between the band pass filter circuits BPFs 1 and 2 
are arranged perpedicularly. 



[Third Embodiment: Figs. 7 and 8] 

[0056] Fig. 7 shows the structure of a multi-layer du- 
plexer 101 , and Fig. 8 shows a perspective view of the 
appearance showing the duplexer 1 01 . As shown in Fig. 
7, the duplexer 101 is formed by the combination of a 
three-stage band pass filter BPF 1 having LC parallel 
resonators Q1 to Q3 and a three-stage band pass filter 
BPF 2 having LC parallel resonators Q4 to Q6. 
[0057] As shown In Fig. 7, the multi-layer duplexer 
101 is constituted of insulating sheets 102 to 11 3 includ- 
ing via-holes including 120a to 120i, 121a to 1211, and 
122a to 1221, inductor patterns Including 123a. 123b, 
124a, 124b, 125a, and 125b, the capacitor patterns 1 31 
to 133, 134a, 134b, 135a, 135b, 136a, and 136b, cou- 
pling capacitor patterns 1 40 to 1 43. shield patterns 170a 
and 170b and the like. 

[0058] The via-holes 1 20a to 1 20i, which are disposed 
. substantially in the left-half regions of the insulating 
sheets 103 to 1 1 1 , are formed in the thickness directions 
of the sheets 1 03 to 1 1 1 to be joined to define an inductor 
LI. One end of the inductor LI, which is the upper top- 
end face of the via-hole 120a. is directly connected to 
the shield pattern 170a, and the other end thereof, which 
Is the lower top-end face of the via-hofe 120i. is directly 
connected to the capacitor pattern 131. Similarly, the 
via-holes 121a to 1211 and 122a to 1221 are formed in 
the thickness directions of the insulating sheets 103 to 
1 11 to be joined to define Inductors L2 and L3. One end 
of each of the inductors L2 and L3 is directly connected 
to the shield pattern 1 70a, and the other end thereof is 
directly connected to the capacltoir patterns 132 and 
133. 

[0059] These Inductors L1 to L3 are arranged in order 
from the back edges of the insulating sheets 103 to 11 1 
toward the front edges thereof. In this situation, when 
the lengths of pillar inductors LI to L3 constituted by the 
via-holes 120a to I20i, 121a to 121i, and 122a to I22i 
are set to be substantially A/4, in which X Indicates the 
wavelength of a desired resonant frequency, the LC res- 
onators Q1 to Q3 are A/4 resonators. Naturally, the 
lengths of the inductors LI to L3 are not limited to A/4. 
[0060] The axes of the inductors LI to L3 are parallel 
to a direction in which the Insulating sheets 103 to 111 
are laminated. As a result, when currents flow through 
each of the Inductors Li to L3, a magnetic field perpen- 
dicular to the axial direction of each of the inductors LI 
to L3 is generated around each of the inductors LI to L3. 
[0061 ] The capacitor patterns 1 31 to 1 33 are provided 
substantially In the left-half region of the insulating 
sheets 112 In such a manner that the patterns 131 to 



133 are arranged in order from the back edge of the in- 
sulating sheet 112 toward the front edge thereof. The 
capacitor pattern 1 31 is connected to a lead pattern 151, 
which is exposed on the left side of the back edge of the 
5 sheet 112. The capacitor pattern 1 33 is connected to the 
inductor pattern 160. The inductor pattern 160 serves 
as an impedance-matching inductor LB due to the In- 
ductance of the inductor paUern 1 60. The end of the in- 
ductor pattern 160 is exposed on the right side of the 
70 front edge of the sheet 112. The capacitor pattern 131 
is opposed to the shield pattern 170b via the sheet 112 
located therebetween to define a capacitor C1 , and the 
capacitor CI and the inductor LI constitute the LC par- 
allel resonator Ql . The capacitor pattern 1 32 is opposed 
IS to the shield pattern 1 70b via the sheet 1 1 2 located ther- 
ebetween to define a capacitor C2. The capacitor C2 
and the inductor L2 constitute the LC parallel resonator 
Q2. The capacitor pattern 133 is opposed to the shield 
pattern 1 70b via the sheet 1 1 2 located therebetween to 
20 define a capacitor C3. The capacitor C3 and the inductor 
L3 constitute the LC parallel resonator Q3. 
[0062] The coupling capacitor patterns 140 and 141 
are opposed to the capacitor patterns 1 31 to 1 33 via the 
sheet 1 1 1 tocated therebetween to define a coupling ca- 
25 pacitor Csl coupling the resonators Ql and Q2 and a 
coupling capacitor Cs2 coupling the resonators Q2 and 
Q3. 

[0063] The inductor patterns 123a to 125a and 123b 
to 125b are provided substantially in the right-half re- 
50 gionsof the insulating sheets 106 and 108. The inductor 
patterns 1 23a to 1 25a and 1 23b to 125b extend parallel 
to each other from the right edge toward the left side of 
the insulating sheets 106 and 108, respectively One 
end of each of the inductor patterns 123a to 125a and 
3S one end of the inductor patterns 123b to 125b are ex- 
posed on the right edges of each of the insulating sheets 
1 06 and 1 08, and the other ends thereof are open. 
[0064] The inductor patterns 1 23a and 1 23b having 
substantially the same configuration are laminated via 
40 the sheets 1 06 and 1 07 to define a dual-structure induc- 
tor L4. Similarly, the inductor patterns 124a and 124b 
define a dual-structure inductor L5, and the Inductor pat- 
terns 1 25a and 1 25b define a dual-structure inductor L6. 
Since the inductors L4 to L6 have the dual structures, 
45 respectively, by adjusting the space between the induc- 
tor patterns I23a and 123b, the space between the in- 
ductor patterns 124a and 1 24b. and the space between 
the inductor patterns 125a and 125b, respectively, the 
distribution of a magnetic field H generated around each 
so of the inductors L4 to L6 can be optimized. As a result, 
concentrations of the magnetic fields H on the edges of 
the inductor patterns 123a to 125b can be alleviated. In 
addition, when the lengths of the inductor patterns 123a 
to 1 25b are set to be substantially A/4, the LC resonators 
ss Q4 to Q6 are A/4 resonators. Naturally, the lengths of 
the inductor patterns 1 23a to 1 25b are not limited to A/4. 
[0065] The axes of the inductors L4 to L6 are parallel 
to the surfaces of the insulating sheets 106 to 108. As 
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a result, when currents flow through each of the induc- 
tors L4 to L6, a magnetic field perpendicular to the axial 
direction of each of the inductors L4 to L6 is generated 
around each of the inductors L4 to L6. 
[0066] The inductor pattern 1 23a is connected to an 
inductor pattern 161a, and the inductor pattern 123b is 
connected to an inductor pattern 1 61 b. The inductor pat- 
tern 161a is exposed on the right side of the front edge 
of the sheet 106, and the inductor pattern 1 61b is ex- 
posed on the right side of the front edge of the sheet 
108. The inductor patterns 161a and 161b serve as a 
coupling inductor L9 due to the inductances of both the 
inductor patterns 161a and 161 b. The inductance pat- 
tern 125a is connected to a lead pattern 152a, and the 
inductance pattern 125b is connected to a lead pattern 
152b. The lead pattern 1 52a is exposed on the right side 
of the back edge of the sheet 106, and the lead pattern 
152b is exposed on the right side of the back edge of 
the sheet 108. 

[0067] The capacitor patterns 1 34a to 1 36a and 1 34b 
to 1 36b are provided in the regions close to the right of 
the center of each of the insulating sheets 105 and 109. 
One end of each of the capacitor patterns 1 34a to 1 36a 
Is electrically connected to a connecting pattern 137a, 
and one end of each of the capacitor patterns 1 34b to 
136b is electrically connected to a connecting pattern 
1 37b. Both ends of each of the connecting patterns 1 37a 
and 1 37b are exposed on the back edges and front edg- 
es of the sheets 105 and 109, respectively. The capac- 
itor patterns 1 34a and 1 34b are opposed to the top-end 
portions of the inductor patterns 1 23a and 1 23b via the 
sheets 105 and 108 disposed therebetween, respec- 
tively, to define a capacitor C4. The capacitor C4 and 
the dual-structure inductor L4 constitute the LC parallel 
resonator Q4. The capacitor patterns 1 35a and 1 35b are 
opposed to the top-end portions of the Inductor patterns 
124a and 124b, respectively to define a capacitor C5. 
The capacitor C5 and the- dual-structure inductor L5 
constitute the LC parallel resonator Q5. The capacitor 
patterns 1 36a and 1 36b are opposed to the top-end por- 
tions of the Inductor patterns 125a and 125b, respec- 
tively to define a capacitor C6. The capacitor C6 and the 
dual-structure inductor L6 constitute the LC parallel res- 
onator Q6. 

[0068] Coupling capacitor patterns 142 and 143 are 
located between the Inductor patterns 123a to 1 25a and 
123b to 125b in a direction in which the sheets 102 to 
1 1 3 are lanninated. The coupling capacitor patterns 1 42 
and 143 are opposed to the top-end portions of the in- 
ductor patterns 123a to 125a and 123b to 125b via the 
sheets 106 and 107 disposed therebetween to define a 
coupling capacitor Cs4 coupling the resonators Q4 and 
Q5 and a coupling capacitor Cs5 coupling the resona- 
tors Q5 and Q6. In addition, the wide shield patterns 
170a and 170b are disposed in such a manner that the 
. via-holes 120a to 1201. 121a to 121i,and 122a to 1221, 
and the patterns 1 31 to 1 33. 1 23a to 1 25b, and 1 34a to 
1 36b are located therebetween. 



[0069] The sheets 102 to 113 having the above ar- 
rangements, as shown in Fig. 7, are sequentially lami- 
nated to be integrally sintered to constitute a muiti-layer 
body 180 shown in Fig. 8. Ground terminal electrodes 
s G1 and G4 are formed on the right and left end faces of 
the multi-layer body 1 80. An antenna terminal electrode 
ANT and a ground terminal electrode G3 are formed on 
the front side-surface of the multi-layer body 180. Fur- 
thermore, a transmission terminal electrode Tx, a recep- 

10 tion tenminal electrode Rx, and a ground terminal elec- 
trode G2 are formed on the back side-surface thereof. 
[0070] The transmission terminal electrode Tx is con- 
nected to the lead pattern 151 of the capacitor pattern 
1 31 , and the receptbn terminal electrode Rx is connect- 

is ed to the lead patterns 152a and 152b of the inductor 
patterns 125a and 125b. The antenna terminal elec- 
trode ANT is connected to the inductor patterns 160, 
161a, and 161b. The ground terminal electrode G1 is 
connected to the shield patterns 170a and 170b. and 

20 the ground terminal electrodes G2 and G3 are connect- 
ed to the shield patterns 170a and 170b and the con- 
necting patterns 137a and 137b. The ground electrode 
G4 is connected to the ends of the shield patterns 1 70a 
and 170b and the inductor patterns 123a to 125a and 

2S 123b to 125b. 

[0071] the multi-layer duplexer 101 formed by using 
the above arrangements has substantially the same 
electrically equivalent circuit as that shown in Fig. 6. The 
resonators Ql to Q3 are electrically connected to each 

30 other via the coupling capacitors Csl and Cs2 to define 
athree-stage band pass filter BPF 1 . The resonators Q4 
to Q6 are electrically connected to each other via the 
coupling capacitors Cs4 and Cs5 to define a th ree-stage 
band pass filter BPF 2. In addition, one end (the reso- 

3S nator Ql ) of the band pass filter BPF 1 is connected to 
the transmission terminal electrode Tx, and the other 
end (the resonator Q3) thereof is connected to the an- 
tenna terminal electrode ANT via theimpedanceHmatch- 
ing inductor L8. One end (the resonator Q6) of the band 

40 pass filter BPF 2 is connected to the reception terminal 
electrode Rx, and the other end (the resonator Q4) is 
connected to the antenna terminal electrode ANT via the 
coupling inductor L9. 

[0072] As shown in Fig. 7, in the multi-duplexer 101 . 

45 the inductors LI to L6 are not placed in a line, and the 
axial directions of the inductors LI to L3 of the band pass 
filter circuit BPF 1 are perpendicular to the axial direc- 
tions of the inductors L4 to L6 of the band pass filter 
- circuit BPF 2. Therefore, a magnetic field generated 

so when currents flow through each of the inductors LI to 
L3 Is perpendicular to a nnagnetic field generated when 
currents flow through each of the inductors L4 to L6. with 
the result that electric couplings between the inductors 
LI to L3 and the inductors L4 to L6 can be minimized. 

ss Therefore, in the multi-layer duplexer 101 of the present 
invention, attenuation-characteristic deterioration, im- 
pedance deviation and the like can be reduced. 
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[Other Embodiments] 

[0073] The multi-layer composite electronic compo- 
nent according to the present invention is not limited to 
the above embodiments, and various modifications and 
changes can be applied within the scope of the invention 
as defined by the appended claims. For example, al- 
though the above embodiments have described the ex- 
amples of the duplexers constructed by the combination 
of the band pass filter circuits, other combinations can 
be applied. For example, a low pass filter circuit, a high 
pass filter circuit, a trap circuit may be combined, or the 
different kinds of circuits may be combined to constitute 
the duplexer of the present invention. Furthermore, as 
an alternative to the duplexer, the composite electronic 
component of the present invention may be a triplexer, 
a diplexer, or a filter array, in which a plurality of filters 
are contained in a single multi-layer body. For example, 
a diplexer used in the invention may be constructed by 
the combination of a low pass filter circuit and a high 
pass filter circuit. A filter array of the invention may have 
a plurality of band pass filters having independent func- 
tions therein. 

[O074] In addition, in the above embodiments, al- 
though all of the inductors L1 to L3 of the band pass filter 
circuit BPF 1 are disposed perpendicularly to all of the 
inductors L4Jo L6, it is not always necessary to dispose 
all of the inductors in that manner, for example, when 
no electric coupling occurs between inductors since 
there are spaces between the inductors, when the elec- 
tric characteristics are not affected even if electric cou- 
plings occur between the inductors, or when electric 
couplings occurring between the inductors are positively 
used. 

[0075] In addition, in the first and second embodi- 
ments, the axial directions of the Inductors LI to L3 of 
the band pass filter BPF 1 are disposed parallel to the 
stacking direction of the sheets 42 to 54. Further, it is 
also possible to dispose the axial directions of the in- 
ductors L4 to L6 of the band pass filter BPF 2 parallel to 
the stacking direction of the sheets 42 to 54, while the 
axial directions of the inductors L1 to L3 of the band pass 
filter BPF 1 are disposed parallel to the surfaces of the 
sheets 42 to 54. 

[0076] Furthermore, in the above-described embodi- 
ments, the insulating sheets having the conductors dis- 
posed thereon are laminated to be integrally fired. How- 
ever, this is not the only case applicable to the present 
invention. ^It is also possible to laminate insulating 
sheets fired in advance. Alternatively, there may be pro- 
vided a composite electronic component formed by the 
following method. After an Insulating layer made of a 
paste insulating material is formed by printing or the like, 
a paste conductive material is applied on the surface of 
the insulating layer to form an arbitrary conductor Next, 
the paste insulating material is again applied on the con- 
ductortofonm an insulating layer containing the conduc- 
tor therein. Similarly, by sequentially applying the paste 
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conductive material and the paste insulating material, a 
composite electronic component having a multi-layer 
body can be obtained. 

[0077] As described above, in the present invention, 
since at least one of the inductors of the first high-fre- 
quency circuit is disposed perpendicularly to at least one 
of the inductors of the second high-frequency circuit, the 
magnetic-field components generated around the in- 
ductors are perpendicular to each other, the electric cou- 
plings occurring between the inductors can thereby be 
suppressed. As a result, it Is not necessary to take 
measures such as increasing of the space between the 
first high-frequency circuit and the second high-frequen- 
cy circuit. Furthermore, it is also possible to set the 
space between the first high-frequency circuit and the 
second high-frequency circuit to be narrower than that 
in the conventional art. Accordingly, the multi-layer com- 
posite electronic component of the Invention can be min- 
iaturized. 



Claims 

1. A multi-layer composite electronic component (41 ) 
comprising: 

a multi-layer body defined by laminating a plu- 
rality of insulating layers (42-54), a plurality of 
inductor conductors (L1-L3,63a-65a.63b-65b), 
and a plurality of capacitor conductors (71a- 
76a.71b-76b); 

a first high-frequency circuit (BPF1) having a 
plurality of LC resonators comprising a plurality 
of Inductors (L1-L3) defined by the inductor 
conductors and a plurality of capacitors 
(C1-C3) defined by the capacitor conductors 
(71a,b;72a.b;73a,b); and 
- a second high-frequency circuit (BPF2) having 
a plurality of LC resonators comprising a plu- 
rality of inductors (L4-L6) defined by the induc- 
tor conductors (63a,b;64a,b;65a,b) and a plu- 
rality of capacitors (C4-C6) defined by the ca- 
pacitor conductors (74a,b;75a,b;76a,b); 

wherein at least one of the inductors (L1-L3) 
of the first high-frequency circuit is disposed per- 
pendicularly to at least one of the inductors (L4-L6) 
of the second high-frequency circuit. 
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(57) A compact multi-layer composite electronic 
component (41) is disclosed In which electric couplings 
occurring between a plurality of high-frequency circuits 
contained are reduced. In this compact multi-layer com- 
posite electronic component (41), the axes of the induc- 
tors (L1-L3) of LC resonators forming a first band pass 
filter circuit (BPF 1 ) are disposed perpendicularly to the 
axes of the inductors (L4-L6) of LC resonators forming 
a second band pass filter circuit (BPF 2). The inductors 
(L1-L3) of the LC resonators fomiing the BPF 1 are con- 
stituted by joining vla-holes (60a-h;61a-h;62a-h) dis- 
posed on insulating sheets. The Inductors (L4-L6) of the 
LC resonators forming the BPF 2 are constituted of In- 
ductor pattems (63a,b;64a,b;65a,b) formed on the sur- 
faces of the specified ones of the Insulating sheets. 
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